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RAZLAN in cat, in the rostral two-thirds of the ventral division of the hypoglossal nucleus by Miyazaki et al. (1981) in cat, in the lateral part of the ventral cluster of motoneurons of hypoglossal nucleus by UemuraSumi et al. (1988) in rat and in the ventrolateral subnucleus of the hypoglossal nucleus by Kitamura et al. (1986) in rat. These disagreements regarding the location of the motor neuron somata of geniohyoid even in the same species had prompted the present investigation.
| MATERIAL S AND ME THODS
Nine Sprague-Dawley rats representing both sexes were used in this study. The animals were obtained from the KRK Seri Enterprise, 43200 Seri Kembangan, Selangor. The experimental protocol was approved by Committee on Animal Research and Ethics (CARE), Universiti Teknologi Mara (UiTM), Shah Alam, Selangor, Malaysia.
The operations were performed in aseptic conditions and under general anaesthesia using 40 mg/kg weight of intraperitoneal injections of Nembutal (pentobarbital) sodium solution. The anaesthtized animals were laid on a tray in supine position, and an incision was made on the ventral aspect of the neck to expose the right geniohyoid muscle. Afterwards, 0.02-0.05 ml of 30% HRP (Sigma Type VI) solution in normal saline was injected into the exposed right geniohyoid muscle. The left side was used as a control. Injection of HRP into the muscle was done carefully to avoid any leakage. After a survival period of 48 hr, the animals were re-anaesthetized with Nembutal sodium solution (40 mg/kg, intraperitoneally) and were fixed by perfusion through left ventricle of the heart. They were injected with 100 ml of normal saline and then with 500 ml of 1.25% glutaraldehyde and 1% paraformaldehyde in 0.1 M phosphate buffer, pH 7.4, at room temperature, over a period of 30 min and finally with 500 ml of 10% sucrose in the same buffer at 4°C. Two hours after perfusion, the medulla oblongata and first cervical segment (C-1) of spinal cord were removed by dorsal approach, separated from each other and kept in 10% sucrose in above phosphate buffer at 4°C for 24 hr. Thereafter, their serial transverse sections were cut in a cryostat (Leica, Model CM3050S) at a thickness of 60 μm. The sections were treated according to tetramethyl benzidine (TMB)-HRP method (Mesulam, 1978; Mesulam et al., 1980; Ullah, Mansor, Ismail, Kapitonova, & Sirajudeen, 2007) . HRP-labelled neuron somata were microscopically identified and counted in the sections and from these serial transverse sections the groups of HRP-labelled neuron somata were reconstructed using the method of Elliott (1942) in which a series of sections are summed.
Nikon Eclipse 80i microscope with the Program "Image Pro Plus 6.2" for photomicrography was used in the study.
| RE SULTS
The hypoglossal nucleus of rat was found to be located in the whole length of the medulla oblongata. It was divided into three subnuclei: dorsal, ventromedial and ventrolateral. In the open part and upper two-thirds of closed part of medulla oblongata, it was represented by a single group of motor neuron somata, the dorsal subnucleus, whereas in the lower third of the closed part of the medulla oblongata it was represented by two groups of motor neuron somata, a ventromedial subnucleus lying medially and a ventrolateral subnucleus lying laterally. The dorsal subnucleus and ventromedial subnucleus are referred to as the "main hypoglossal nucleus" (Figure 1 ).
In all experiments, the HRP-labelled neuron somata were observed in the closed part of the medulla oblongata and at the spinomedullary junction. They were located as follows:
• In upper two-thirds of the closed part of medulla oblongata, these F I G U R E 1 Figure showing the location and organization of motor neuron somata of the geniohyoid muscle at three levels as observed in the present study in rat. Solid black areas show the locations of HRP labeled neuron somata observed in the present study in rat after injection of HRP into right geniohyoid muscle. (A = Section passing through the middle part of upper third, B = Section passing through the middle of lower third of closed part of medulla oblongata and C = Section passing through the Spinomedullary junction; SN5 = Spinal nucleus of trigeminal nerve; DMN = Dorsal motor nucleus of Vagus nerve; NA = Nucleus ambiguus; VH = Ventral grey column; CSF = Location of coticospinal fibres after the pyramidal decussation. Note: In section A, the solid black area has been shown in the ventral part of main hypoglossal nucleus. In section B, the solid black area has been shown occupying the ventrolateral subnucleus of hypolglossal nucleus. In section C, three solid black areas have been shown, one is lateral to central canal, one is in the area of corticospinal fibres after pyramidal decussation and the third one is in the dorsomedial part of the VH) HRP-labelled neuron somata were observed in the ventral part of the right main hypoglossal nucleus (Figures 1-6 ).
• In lower third of the closed part of medulla oblongata, the HRPlabelled neuron somata were located in the right ventrolateral subnucleus (Figures 1 and 7 ).
• At the spinomedullary junction, the HRP-labelled neuron somata were located in the dorsomedial part of the right ventral grey column (ventral grey horn). A few HRP-labelled neuron somata were also seen here scattered on the right side of the central canal and among the corticospinal fibres that continued here after pyramidal decussation (Figures 1, 8, 9 and 10).
The total number of HRP-labelled motor neuron somata of geniohyoid muscle observed in the rats used in this study varied from 118 to 137. Further details of the number of these motor neuron somata in different locations in each rat are given in Table 1 .
Horseradish peroxidase-labelled neuron somata were not observed on the control left side.
| D ISCUSS I ON
As already stated, using HRP method, the geniohyoid motor neuron somata (geniohyoid motoneurons or GH motoneurons) have Krammer et al. (1979) in rat, Uemura et al. (1979) in cat, Miyazaki et al. (1981) in cat, Uemura-Sumi et al. (1981) in macaque, Yoshida et al. (1983) in cat, Kitamura et al. (1983) in rat, Kitamura, Nishiguchi, and Sakai (1985) in rat, Kitamura et al. (1986) in rat, Uemura-Sumi et al. (1988) in dog, rabbit and rat, Sokoloff and Deacon (1992) in cynomolgus monkey. Krammer et al. (1979) were located in the ventral division. Yoshida et al. (1983) found in cat that the geniohyoid motoneurons were located in the ventral aspect of the hypoglossal nucleus. Uemura-Sumi et al. (1988) found that the hypoglossal nucleus of rat was made of ventral and dorsal clusters of motoneurons. They further found that in rat the motoneurons innervating the geniohyoid muscle were located in the lateral part of the ventral cluster of hypoglossal motoneurons. Sokoloff and Deacon (1992) found in cynomolgus monkey that the motoneurons innervating the geniohyoid muscle were located in a cell column separated ventrally from the main body of the hypoglossal nucleus. In general, the findings of the present study in rat are in agreement (except for some minor details) with Uemura et al. (1979) in cat, Miyazaki et al. (1981) in cat, Uemura-Sumi et al. (1981) in macaque, Yoshida et al. (1983) in cat, Uemura-Sumi et al. (1988) in rat and Sokoloff and Deacon (1992) monkey, because in the present study in rat, the motor neuron somata of geniohyoid (GH) were also observed in the ventral part of the main hypoglossal nucleus in the rostral two-thirds of the closed part of medulla oblongata. However, these investigators neither described nor located the GH motor neuron somata in the ventrolateral hypoglossal subnucleus as observed in the present study.
Unlike these investigators, in the present study, at the spinomedullary junction, the geniohyoid motoneurons were also located in the dorsomedial part of the ventral grey horn and a few of them were also seen there scattered on the right side of the central canal (that is, in the supraspinal nucleus) and among the corticospinal fibres (after pyramidal decussation). Kitamura et al. (1983 Kitamura et al. ( , 1985 Kitamura et al. ( , 1986 investigated the organization including location of geniohyoid motor neuron somata in hypoglossal nucleus in rat. Kitamura et al. (1983) found that the hypoglossal nucleus was made of two parts, the main hypoglossal nucleus and a cell column (which was later called as ventrolateral subnucleus by Kitamura et al., 1985 Kitamura et al., , 1986 extending longitudinally from the midlevel of the hypoglossal nucleus to the spinomedullary junction (that is, transition level of the medulla oblongata and spinal cord); they found that the motor neuron somata of geniohyoid were located in this column which was extending longitudinally from the midlevel of hypoglossal nucleus. Kitamura et al. (1983) further found that in the transition level, this column occupied the dorsomedial part of the ventral grey horn (column). Kitamura et al. (1985 Kitamura et al. ( , 1986 found that the hypoglossal nucleus consists of three subnuclei: dorsal, ventromedial and ventrolateral; the dorsal and ventromedial subnuclei together comprise the main hypoglossal nucleus. They further found that the geniohyoid motoneurons were located in the ventrolateral subnucleus, which separates from the main hypoglossal nucleus at midlevel and extends caudally as far as the dorsomedial part of the ventral grey horn at the spinomedullary junction.
In the present study, after injection of HRP in the right geniohyoid muscle, the HRP-labelled motor neuron were observed in the ventrolateral hypoglossal subnucleus and in the dorsomedial part of the ventral grey horn at the spinomedullay junction as found by Kitamura et al. (1985 Kitamura et al. ( , 1986 ) but unlike them and unlike Kitamura et al. (1983) , in the present study, at the spinomedullay junction, a few HRP-labelled motor neuron somata of geniohyoid were also observed scattered on the right side of the central canal(that is, in the supraspinal nucleus) and among the corticospinal fibres (after pyramidal decussation).
From 118 to 137 HRP-labelled motor neuron somata of geniohyoid muscle were observed in the present study. No such report for the number of geniohyoid motor neuron somata is found in the available literature.
| CON CLUS IONS
As a result of this study, the following conclusions were drawn:
(a) The motor neuron somata of geniohyoid muscle were found to be located in the closed part of the medulla oblongata and at the spinomedullay junction. They were not located in the spinal cord. 
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